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Description 

[0001] The present invention is generally related to making recombinant chimeric toxins. More particularly, the 
present invention is related to devising improved forms of recombinant Pseudomonas exotoxins (rPE) of low animal 
5 toxicity (when tested in animals) and high cytocidal specificity when attached to suitable targeting agents. Active chi- 
meric toxins of the nature and properties as described herein have not heretofore been known or reported. 

BACKGROUND OF THE INVENTION 

10 [0002] Recombinant Pseudomonas exotoxins containing deletions in domain la of the native toxin and which exhibit 
low side effects are described in U.S. Patent 4,892,827. However, the role of individual amino acids, either alone or in 
combination with other amino acid sequences in various domains of the PE molecule were not known. It has been 
shown, however, that domain la is required for the binding of the PE molecule to the target cells. 

IS SUMMARY OF THE INVENTION 

[0003] It is, therefore, an object of the present invention to identify amino acid residues or sequences) responsible 
for animal toxicity of the PE molecule. 

[0004] After having determined the role of specific amino acids affecting the animal toxicity of PE, it is a further object 
20 of the present invention to construct new forms of recombinant PE molecules (rPE) of low animal toxicity (when tested 
in animals) but of greater cylocidaf efficacy when conjugated with suitable targeting agents, without substantial effect 
on other cells. 

[0005] An additional object of the present invention is to provide an efficient method for killing target cells by preparing 
a variety of improved, active chimeric toxins. 
2$ [0006] Other objects and advantages will become evident from the following detailed description of the invention. 

ABBREVIATIONS 

[0007] Various abbreviations, symbols, terminologies and the like used herein are now set forth. 
30 [0008] PE-40 means a PE molecule of about 40.000 Mr and domain II is the region necessary for translocation of 
the toxin into the cytosol (Hwang et al., 1987. Cell 48:129-136). 

[0009] IL6-PE66-4Glu means a chimeric protein comprising an IL6 and a PE molecule of about 66,000 Mr in which 
4 positively charged amino acids have been replaced by glutamic acid (glu), IL6 being the targeting agent. When the 
targeting agent is a different entity such as TGFa or CD4 and the like, the chimeric protein is accordingly designated 
55 TGFa- or CD4-PE66-4Glu and the like. If the replacing amino acid is not glutamic acid, then the replacing amino acid 
is named accordingly, such as glycine is designated "Gly" and so on. 

[0010] When a numbering system is used, such as PE-Glu57Gly 246,247,249, it means that the amino acid at position 
57 in the sequence of the native PE has been replaced by glutamic acid and the amino acids at positions 246,247 and 
249 have been replaced by glycine (gly). 
40 [0011] When a symbol "A" or "D" is used, such as 241 -250, or D364-380, it means that the sequence of amino acids 
following the letter "D" or A sign, viz. , amino acids 241 through 250 or amino acids 364-380 inclusive in these examples, 
have been deleted. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0012] These and other objects, features and many of the attendant advantages of the invention will be better un- 
derstood upon a reading of the following detailed description when considered in connection with the accompanying 
drawings wherein: 

[0013] Figure 1 shows a schematic representation of the structure of the expression vector for PE mutants. The 
so vector contains sequences encoding PE under a T7 promoter with ribosome binding site that is appropriately placed 
before the initiation codon (Chaudhary et al., 1988. Proc. Natl. Acad. Sci. U.S.A. 85:2939-2943: Studier and Moffatt, 
1986. J. Mol. Biol. 1B9:113-130; Rosenberg et al, 1987, Gene 56:125-235). Protein expression is achieved by IPTG 
induction of the cultures of E. colt BL21 (XDE3) carrying this plasmid. Because of an OmpA signal sequence, the proteins 
are secreted into the periplasm. In the absence of a signal sequence, they accumulate within the celt. There is a three 
55 amino acid extension (ala asn leu) remaining after the processing of the signal sequence. Horizontal solid arrows 
indicate the direction of the transcription. The residues of PE have been circled and 1 is the first amino acid of mature 
PE (Gray et al, 1984, Proc. Natl. Acad. Sci. U.S.A . 81:2645-2649). The original pVC45 is lacking a T7 transcription 
terminator (T) as well as a phage origin (f+). Vertical arrow is the site of signal sequence cleavage. 
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[0014] Figure 2 shows a schematic diagram of IL6-PE40 derivatives. 

[0015] Figure 3 shows sodium dodecyl sulfate-polyacrylamide gel electrophoresis of PE mutant proteins. Samples 
were boiled in Lammeli buffer and applied on a 10% Sodium dodecyl-polyacrylamide gel (SDS-PAGE). The proteins 
were stained with Coomassie Blue R-250. Lanes 1 and 2, PE; 3 and 4, PE Giu57 ; 5 and 6, PE Gh,246 -2 47 * 249 (PE66-4Glu); 
7 and 6, PE 01 " 57 - 246 - 247 ^. Lanes 1 , 3, 5 and 7 are periplasm samples, Lanes 2. 4, 6 and 8 are Mono Q fractions. 
Standard molecular weight markers are shown in kDa. 

[0016] Figures 4A-4D show Mono Q profiles of PE mutant proteins. Proteins were expressed using plasmids with 
phage T7 terminator Each periplasm sample equivalent to 1 50 ml of the culture was applied on a Mono Q column (HR 
5/5) and the column was eluted with a linear gradient of NaCI (0-400 mM in 20 mM Tris, pH 7.6). Fractions of 1 ml 
were collected. A, PE; B, PE Gtu 57 ; c r peg»u246^47^49 ; and q i p£GiuS7 .249.247.249 vertical arrow indicates the location 
of the peak of interest. 

[0017] Figure 5 shows the cytotoxicity of PE mutants on Swiss 3T3 cells, various dilutions of proteins were added 
to Swiss 3T3 cells and the protein synthesis measured. The results are expressed as percent of control where no toxin 
was added. O-O, PE; D--Q pe^** 7 : ■, peG'"- 24 ^ 47 .* 4 * and A— A, PE Gtu57 - 246 -2 47 ^ 4 9. 

[0018] Figure 6 shows the NaDodSo 4 /PAGE of expressed IL6-PE40-PE40 (lane 1 ), IL6-PE40-IL6 (lane 2), (IL6-do- 
mainll-PE40 (lane 3) : IL6-PE40 (lane 4), IL6-PE40D364-380 (lane 5) and ILS-PES© 4 ^ 0 (lane 6). The 10.0% protein 
gel is stained with Coomassie blue. Molecular masses of the standards are indicated in kDa. 

[0019] Figure 7 shows the cytotoxic activity of IL6-PE40 derivatives on U266 cells. Chimeric toxins were added at 
various concentrations to the cells f5 x 10 s cells/ml] and the [ 3 H] leucine incorporation into cellular protein was meas- 
ured. IL6-PE40 (°), IL6-PE40-PE40 f). IL6-domainll-PE40 (X), IL6-PE40-IL6 P), IL6-PE66 4Gtu (■). 
[0020] Figure 6 shows the results of IL6 competition assay using U266 cells [5 x 10 s cells/ml]. \L6-PBS6^ lu and 
IL6-domainll-PE40 were added to cells in the presence or absence of 1000 ng rlL6. Cells were incubated 24 hours 
and protein synthesis was determined similar to cytotoxic assays. 

[0021] Figure 9 shows the results of binding displacement assay. IL6 chimeric toxins were added at various concen- 
trations (in similar molar ratios) to cells in the presence of 10 ng 12S I-IL6, rlL6 (•), IL6-PE40 (*), IL6-PE40-IL6 (□), 
IL6-PE66 4Glu (A). 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] The above and various other objects and advantages of the present invention are achieved by making a 
plurality of modified recombinant PE molecules containing. specific point mutations and various deletions in the amino 
acid sequences of domain la and by preparing a number of chimeric proteins therefrom. Included among such novel 

molecular entities are p£GJu246.247.249 t pEGIu57.246.247.249 p£GbS7Gly24S^47.249 j peGJu57A241-250 

I L6 _ PE Giu47 .246.247 .249, iL6-domainll-PE40 t TGFa-PESe 4 ^, CD4-PE66 4Glu and the like. 

[0023] It is noted that having exemplified the present invention by the preparation and testing of a plurality of the 
novel molecular entities mentioned above, various other molecular entities are similarly prepared by the methodologies 
described herein and are included within the purview of this invention. 

[0024] Unless defined otherwise, alt technical and scientific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this invention belongs. Although any methods and materials 
similar or equivalent to those described herein can be used in the practice or testing of the present invention, the 
preferred methods and materials are now described. All publications mentioned hereunder are incorporated herein by 
reference. Unless mentioned otherwise, the techniques employed or contemplated herein are standard methodologies 
well known to one of ordinary skill in the art. The materials, methods and examples are illustrative only and not limiting. 
[0025] The term "recombinant' mutant, molecule, or PE and the like as used herein means that the mutant, molecule- 
or PE, etc., are not the product of nature, having been deliberately made by the techniques of molecular biology and 
the like. 

[0026] The term "without substantial effect" means the normal functions of the cells are not detectabiy affected. 

MATERIALS AND METHODS DETERMINATION OF SEQUENCES RESPONSIBLE FOR ANIMAL TOXICITY: STUDY 
OF MUTANTS 

[0027] Mutants were created by standard oligonucleotide-directed mutagenesis (Jinno et al, 1988, J. Biol. Chem. 
263:13203-13207). DNA fragments containing the mutations were subcloned into PE expression vectors pVC 45 
(Chaudhary et al, supra ) or pVC 45 f+T (Jinno et al, 1989, J. Biol. Chem. 264:15953-15959). Some mutations also 
introduced new restriction enzyme sites. The mutations were finally confirmed by DNA sequencing using sequenase 
(United States Biochemicals). 
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Protein Expression and Purification 



[0028] Cultures of _E. coti strain BL21 (XDE3) carrying the ptasmids (Studier and Moffatt, supra ) were grown in LB 
medium containing ampicillin (100 ug/ml). At OD 650 of 0.6-0.8 the cultures were induced with imM IPTG and shaken 

5 for about 90 min at 37° C. The presence of an OmpA signal sequence caused the PE mutant proteins to be secreted 
into the periplasm. PE was extracted from the periplasm as follows: at the end of the induction period, a 150 ml culture 
was centrifuged at 2000 x g for 10 min and the pellet was suspended in 7.5 ml of sucrose solution (20% sucrose in 30 
mM Tris-HC1 pH 7.4, 1 mM EDTA) and allowed to stand for 10 min on ice. The sucrose suspension was centrifuged 
at 5000 x g for 10 min and the pellet saved. The pellet was gently suspended in 6 ml of cold water and kept on ice for 

io 10 min : followed by centrifugation at 10,000 x g for 1 0 min. This supernatant (periplasm) was saved and applied on a 
Mono Q column (HR 5/5) attached to a Pharmacia PPLC. After washing the column with 5 ml of Buffer A (20 mM Tris 
HCI. pH 7.6), it was developed with a 40 ml linear gradient of NaCI (0 - 400 mM in Buffer A) followed by a steep gradient 
of NaCI. The PE mutant proteins were eluted at 0.22-0.26 M NaCI. 

15 Analytical Assays and Animal Toxicity 

[0029] ADP-ribosylation activity was estimated as described by Collier and Kandel (1971, J. Biol. Chem. 146: 
1496-1503). For measuring cytotoxic activities, Swiss 3T3 cells were seeded at lO^/ml in 24- well dishes 24 hrs. prior 
to the toxin addition. Purified proteins were diluted in Dulbecco phosphate buffered saline (D-PBS) containing 0.2% 

20 human serum albumin (HSA) and added to the cells for 16-18 hrs. The cells were pulse-labelled with [ 3 H]-leucine for 
90 minutes and the trichloroacetic acid (TCA) precipitable cell-associated radioactivity was determined as a measure 
of protein synthesis. The results were expressed as percent of control where no toxin was added. SDS/PAGE was 
performed on 10% gels as described by Laemmli (1970, Nature 227:680-685). The protein bands were visualized by 
staining with Coomassie Blue R-250. The protein concentration was measured by a Coomassie Blue G-250 binding 

25 assay (Bio Rad Protein Assay) with bovine serum albumin as a standard. 

[0030] To test animal toxicity, the purified toxins were diluted in DPBS containing 0.2% HSA and 0.5 ml injected LP. 
in 8 week-old mice and 46 hrs later, the number of dead animals was determined. 
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Expression of PE and mutant forms of PE 



[0031] The nucleotide sequences of new mutants are shown in Table I. Proteins with multiple mutations were made 
by subsequent subctoning. To analyze the cytotoxic activities of the mutant forms of PE in mice and in cell culture, it 
was necessary to purify large amounts of these molecules to near homogeneity. This was accomplished by constructing 
a T7 promoter based expression vector in which sequences encoding PE are preceded by an OmpA signal sequence 

55 (Figure 1 ). Using this vector, large amounts of a soluble form of PE are secreted into the periplasm. In a typical exper- 
iment, PE comprises about 20-50% of the protein in the periplasm (Fig. 3), lanes 1 , 3, 5 and 7) and molecules of 70% 
purity or greater can be obtained by a single ion exchange purification step on Mono Q (Fig. 4A-0 and Fig. 3 : lanes 2, 
4, 6 and 8). Depending upon the mutation, proteins were eluted at NaCI concentrations of 0.22 to 0.26 M. For example, 
PEGKj57.246^47249 which had four basic residues converted to acidic residues, eluted later than PE (Fig. 4A and 4D). 

40 Typical yields from one liter of culture induced at OD^ 0.8 range from 15-45 mg of substantially pure (> 90% pure) 
protein (Table II). 

Cytoxicitv and animal toxicity of PE and mutant forms of PE 

45 [0032] As shown in Table ill , PE G,uS7 and PEA6-225 had about the same cytotoxic activity on 3T3 cells and the same 
toxicity for mice (LD^, = 1 jig), whereas PE40 which has a deletion of amino acids 4-252 had no detectable toxicity 
toward 3T3 cells and had much lower toxicity to mice (LDso = 50 jig). To determine more precisely the sequences at 
the carboxyl end of domain I that were responsible for the high cytotoxic activity of PE* 31 " 57 and PEA6-225, a series of 
deletions were created that removed increasing amounts of domain I. The cytotoxic activity of these mutants on 3T3 

50 cells is shown in Table IV. Almost all of domain la could be removed without decreasing the activity of these mutants 
on 3T3 cells. For example, a mutant molecule with deletion of amino acids 6-245 has the same activity as PE° lu57 . 
These data indicate that amino acids 246-252 might contribute to the high cytotoxicity This was confirmed in an ex- 
periment in which Lys 57 was converted to Glu to decrease celt binding and amino acid 241-250 were deleted 
(PE G,uS7 241-250) j n i s molecule also had no detectable toxic activity towards 3T3 ceils (Table IV). 

55 [0033] It was noted that the carboxyl terminus of domain la, that contained three basic amino acids at positions 246, 
247 and 249, was hydrogen bonded to amino acids 369, 368 and 367 in domain lb of Pseudomonas exotoxin (Allured 
et al, 1986, Proc. Natl. Acad. Sci. U.S.A. 83:1320-1324). It was, therefore, decided to explore the rote of these basic 
amino acids in PE mediated toxicity. Accordingly, these amino acids were mutated singly or in combination (Table V 
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and Fig. 5). To do this, a full length PE molecule was utilized in which lysine 57 was converted to glutamic acid to 
diminish or abolish cell binding through the PE receptor. When the three basic amino acids at 246. 247 and 249 were 
changed to either glutamic acid or glycine, the cytotoxic activity on 3T3 cells was greatly diminished and reached the 
level seen with PE40. However, when they were changed individually, no decrease in cytotoxic activity was observed 
5 (Table V). 

[0034] To determined whether the positively charged amino acids at 246 (histidine), 247 (arginine), and 249 (histidine) 
could be replaced by other charged amino acids, several other substitution mutants were constructed. When all three 
aminoacids were changed to lysines, the cytotoxic activity was unaffected (Table V) Inaddition, when thetwohistidines 
at 246 and 249 were converted to arginines, the cytotoxic effect was also unaffected. However, when glutamic acid 

io was introduced at positions 245, 247 and 248 the cytotoxic effect on 3T3 cells was greatly diminished and the ID S0 
increased to about 600 ng/ml. The cytotoxic activity of the various PE mutants appears to be related to the charge of 
the amino acids that lie at the carboxyl end on domain la (Table V). If only the charge within positions 245 and 249 is 
considered, it is evident that retaining a net positive charge maintains cytotoxic activity whereas the presence of a 
neutral or negative charge greatly decreases cytotoxic activity. The toxic activity of various PE mutants was also as- 

is sessed by injecting several of the purified mutant toxins into mice. As shown in Table VI, only two molecules had low 
activity in mice. One of these is PE40(PEA4-252); the other is PE 0 ** 57 -* 46 - 247 - 249 . Mutation of Lys 57 to Glu and deletion 
of a large number of surrounding sequences as in PE 6-229, PE 6-239 and PE 6-245 produced a molecule that had 
an LDsq in mice of about 1 u.g. Similarly, in a mutant in which the basic amino acids at 246, 247 and 249 were changed 
to glutamic acid, and the lysine at position 57 preserved, the LDgQ in mice was also about 1 u.g. Only when the two 

20 types of mutations were combined as in pe 01 " 57 - 246 - 247 * 249 was there a large decrease in cytocidal activity and animal 
toxicity equivalent to deletion of amino acids 4-252 as in PE40. 

CYTOTOXICITY OF NEW CHIMERIC PROTEINS: Studies with 116-PE40 and Derivatives Thereof 

25 [0X335] Enzymes and chemicals were purchased from standard sources. Interleukin 6 was produced and purified as 
described by Siegall et al. 1990, Mol. Cell Bio. ADP-ribosytatibn assays were performed as described by Collier et al, 
1 97 1 , J. Biol. Chem. 246: 1 496-1 503. Radioactive materials were purchased from the Amersham Corporation, Arlington 

Heights, IL. 

^0 Animals, cell lines and bacterial strains 

[0036] For toxicity and serum level assays with IL6-PE40 and derivatives, 8 week old nude mice weighing 18-20 g 
were used (strain Balb/C; Frederic Cancer Research Facility). H929 and H1 112 cells were a gift of A. Gazdar (NCI). 
All other cell lines were purchased from ATCC (Rockville, MD). Plasmids were propagated in E. coli strain HB1 01 and 
35 expressed in E. cofi strain BL21 (ADE3) which carries an inducible T7 RNA polymerase gene. 

Plasmids 

[0037] Plasmid pCS68 encoding IL6-PE40 was made as described by (Siegall et al 1 9e9, Proc. Natl. Acad. Sci. USA, 

40 85:9738). To construct IL6-PE40-PE40 and PE40-IL6-PE40, DNA coding for PE40 was removed from the plasmid 
PVC3875 (Siegall et al 1989, J. Biol. Chem. 264:14256; Siegall et al 1989, FASEB J 3, 2647) and subjected to site 
directed mutagenesis (Kunkel et al.. 1985, Proc. Natl. Acad. Sci. U.S.A., 82:488) which introduced Ndel restriction sites 
after the last codon in PE40 and prior to the first codon in PE40. The resulting plasmid, pCSA20/A21 , was digested 
with Ndel and the 1080 bp PE40 gene was ligated to the plasmid pCS68 partially cut with Ndel. To construct IL6-do- 

*s rnainll-PE40 and domain II-IL6-PE40, pVC3875 was subjected to site directed mutagenesis which introduced a Ndel 
restriction site before the first codon of PE40 and after the last codon of domain II coding for amino acid 364. The 
resulting plasmid, pCSA20/A22 was restricted with Ndel and the 333 bp fragment was ligated to pCS68 which was 
partially cut with Ndel. Toconstruct IL6-PE4OA364-380, IL6-PE40 was partially digested with Sail, completely digested 
with BamHl, and ligated to the 500 bp Sail. BamHI fragment from pCS9 (Siegall etal, 1989, J. Biol. Chem. 264:14256). 

so To construct IL6-PE40-1L6, IL6 was digested with BstXI and BamHI and ligated to an oligonucleotide duplex containing 
IL6 sequences located proximal to the BstXI site, a segment coding for the amino acids, Ala, Phe, Leu : Asp, Leu, Ala, 
Val. Val, and the PE sequences located distal and up to the PpuMI site at amino acids 556 in PE. The resulting inter- 
mediate vector, plL6int was cut with PpuMI and EcoRI and the 580 bp fragment was ligated to the 4kb DNA molecule 
resulting from similarly digested pCS68. To construct 1L6-PE66 4G|U , pCS68 was partially digested with Ndel and com- 

55 pletely digested with EcoRI yielding a 3000 bp vector fragment containing the T7 promoter and I L6. The cDNA encoding 
a full length mutated PE was digested with Ndel and EcoRI and ligated into the similarly digested pCS68 fragment. 
The mutant PE was carried in the plasmid pJY3A1l36-1.3 (pVC45/4E). To construct IL6-Linker-PE40, pCS68 was 
partially digested with Ndel and completely digested with Bsu36l. An oligonucleotide duplex encoding (Gly 4 Ser)3 (the 
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linker) and containing the remaining IL6 sequences which follow the Bsu36l site on its 5' end along with sequences to 
form an Ndel site on its 3* end was ligated into the prepared pCS68 vector. To construct IL6-IL6-PE40, pCS68 was 
partially digested with Ndel and both the linear (single cut) vector and insert (double cut) band were purified and ligated 
to each other. Fig. 2 schematically describes the various constructions and Table VII lists a number of plasm ids and 
5 the corresponding chimeric proteins derived therefrom in accordance with the methodologies described herein. 

Expression and purification of 1L6-FE40 and derivatives 

[0038] All fusion proteins were expressed in E. coli BL21 (DE3) followed by isolation and purification from the insoluble 
io fraction (inclusion bodies) of E. coli as described by (Siegall et al 1989. Proc. Nat. Acad. Sci. U.S.A. 85:9738). Briefly, 
after denaturation of the inclusion bodies in 7M guanidine-HCI and renatu ration in phosphate buffered saline, the fusion 
proteins were purified to homogeneity using anion exchange and gel firtration chromatography and the ADP-ribosylation 
activity of each purified toxin preparation measured by standard methodology 

'5 Cytotoxicity of IL6-PE40 and related fusion proteins 

[0039] The toxicity of all IL6-toxin fusion proteins was measured by assessing the level of protein synthesis in treated 
versus non-treated tumor cells used in each experiment (Siegall et al 1 989, Proc. Ntl Acad. Sci. U.S.A. 85:9738). The 
chimeric proteins were added in various concentrations to the cells and incubated at 37°C for 24 hrs. Incorporation of 
20 [ 3 H]leucine into cellular protein was then measured (Siegall et al 1989, Proc. Natl. Acad. Sci. U.S.A. 85:9738). Com- 
petition analysis were performed by the addition of rlL6 just prior to the addition of IL6-toxin to the tumor cells. 

Receptor binding assays 

25 [0040] Specific binding of 125 I-IL6 and labeling procedures were performed as described herein above. In these 
experiments, a fixed tracer amount of 125 I-IL6 (0.5 ng) was added to cells and competed with varying amounts of rlL6 
or IL6-toxin. rlL6 and IL6-toxin was adjusted to equal molar amounts using their respective molecular weights. After 12S I- 
IL6 and competitor were added to the cells, they were incubated for 150 min at 0°C with gentle agitation every 5 min. 
The cells were then washed by centrifugation at least three times with a large excess of binding buffer to remove 

30 unbound 125 I-IL6. Cell-associated radioactivity was then determined in a Beckman Gamma Counter. 

Animal toxicity and serum levels of IL6 derivatives 

[0041] Using groups of 2-4 mice, the toxicity of IL6-PE40, IL6-domain II-PE40 and ILS-PESS 401 " was determined. 

ss The chimeric toxin was administered intraperitoneally (I. P.) in a single dose and the animals were observed for three 
days. Serum levels were determined at various times after a single LP. administration of the chimeric toxins. Bioactrvity 
was measured by determining the cytotoxicity of the serum sample on U266 cells as described herein above. The 
concentration of the chimeric toxins were estimated by comparisons of the IDgo of each serum sample with a standard 
curve generated by the addition of purified chimeric toxin to U266 cells. 

40 [0042] Fig. 6 shows SDS-PAGE patterns of several different chimeric proteins. All the chimeric toxins used in this 
study were greater than 95% pure and had the expected ADP-ribosylation activity (data not shown). 

Cytotoxicity of IL6-PE40 derivatives 

45 [0043] The data shown in Fig. 7 and summarized in Table VII indicate that the IL6-PE40 derivatives fall into four 
groups based on cytotoxicity to U266 myeloma ceils. Group 1 derivatives were more toxic to U266 cells than IL6-PE40, 
group 2 were of equivalent toxicity to IL6-PE40, group 3 derivatives were about 3-fold less toxic than IL6-PE40 while 
group 4 derivatives were not toxic to U266 cells. 

[0044] Group 1 consists of two toxins, the first being iL6-PE66 4G,u which contains IL6 fused to native PE (66 kDa) 
so containing mutations at position 57,246,247 and 249. These amino acids originally coding for Lys. His, Arg and His 
were each converted to Glu. IL6-PE66 4G,U is 8-fold more active than IL6-PE40 on U266 myeloma celts with an \ O S0 = 
1.0 ng/ml (Table VII). The second member of group I is IL6-domain II-PE40 which is composed of IL6 fused to PE 
domain II (amino acids 253-364) followed by PE40. Domain tl is responsible for processing and translocation of the 
toxin across cell membranes. IL6-domain II-PE40 is 1 .6-fold more active than IL6-PE40 on U266 myeloma cells with 
ss an IDsq = 5 ng/ml (Table VII). 

[0045] Group 2 also contains two members, IL6-PE4OA365-380 and IL6-linker-PE40). IL6-PE40A365-380 is com- 
posed of IL6 fused to a PE40 molecule with a deletion of amino acids 365-380 (the amino half of domain IB). It was 
found that the removal of amino acids 365-380 that contain a disulfide bridge increased the activity of TGFa-PE40. In 
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the IL6 version of PE40A365-380 the cytotoxicity to U266 cells was equal to that ot IL6-PE40 (IDgo = 8 ng/ml) although 
this construction produced a larger yield of chimeric toxin than IL6-PE40 (data not shown). 

[0046] There are two derivatives found in Group 3. IL6-PE40-PE40 is comprised of IL6 fused to two successive PE40 
molecules. By doubling the PE40 portion of the fusion protein, it was attempted to increase the cytotoxic activity of the 
5 molecule by including two enigmatically active domains While the new fusion protein IL6-PE40-PE40 was toxic to 
U266 cells, it was 3-fold less so than IL6-PE40. IL6-IL6-PE40, composed of two adjacent IL6 molecules fused to PE40, 
was developed in an attempt to increase binding to the IL6 receptor. The cytotoxicity analysis on U266 cells showed 
that IL6-IL6-PE40 was 3-fold less toxic than IL6-PE40 with an IDso of 25 ng/ml. 

[0047] Group 4 comprises three members, PE40-IL6-PE40, domain II-IL6-PE40 and IL6-PE40-IL6. The two deriva- 
10 tives PE40-IL6-PE40 and domain II-IL6-PE40 arc similar in that there is either a PE40 molecule or domain II (amino 
acids 253-364) fused to the amino end of IL6-PE40. Both of these molecules were not toxic to U266 cells (ID^ > 250 
ng/ml) and yielded low amounts of protein (Data not shown). Since the N -terminus of IL6 was blocked by these additions, 
the binding of IL6 to its receptor may have been blocked. IL5-PE40-IL6 is comprised of IL6 fused to the amino and 
carboxyl termini of PE40. This fusion protein was also essentially inactive. This result indicates that IL6 on the carboxyl 
is terminus of PE40 inhibits the toxic activity of the chimeric protein. 

Competition of lL6-toxin derivatives with r!L6 on U266 cells 

[0048] To evaluate the binding of the two IL6-PE40 derivatives with increased cytotoxicity on U266 cells to the IL6 
20 receptor, IL6 competition assays were performed. In these experiments, rlL6 was added in excess to compete for the 
cytotoxic effect of IL6-toxtn on U266 cells. As shown in Fig. 9, addition of 1000 ng of rlL6 reduced the cytotoxic activity 
of 25 ng/ml ILe-PESS 4 * 31 " from 15% of protein synthesis to 98% on U266 cells. Similar results were obtained when 25 
ng/ml of IL6-domain II-PE40 was used (Fig. 8). These data indicate that both ILS-PESe 4610 and IL6-domain II-PE40 
act specifically through the IL6 receptor. 

25 

Effect of IL6-PE40. IL6-domain II and ILS-PESS 461 " on cells expressing different amounts of IL6 receptors 

[0049] It has been previously demonstrated that IU6-PE40 was cytotoxic to both myeloma and hepatoma cell lines 
expressing different numbers of IL6 receptors (Siegall et al 1990 supra ). To determine if IL6-domain II-PE40 and 
30 | L6-PE56 4Ghj are more toxic to other cells expressing IL6 receptors, a variety of tumor cells were surveyed. Additionally, 
the cytotoxicity of PE66 4GkJ and PE (native) on these same tumor cell lines was determined. These results are sum- 
marized in Table VIII. 

[0050] IL6-domain II-PE40 is more cytotoxic to the hepatoma cell lines PLC/PRF/5, HEP 3B and HEP G2 than 
IL6-PE40 (Table VIII), IL6-PE66 4Glu was more toxic than IL6-domain II-PE40 or IL6-PE40 for the hepatoma cell lines 

35 PLC/PRF/5 and HEP G2. Surprisingly, IL6-PE66 4Gtu is slightly less toxic to HEP 3B cells than either IL6-domainll-PE40 
or IL6-PE40. The hepatoma cell line SK-HEP was insensitive to all three IL6-toxin molecules (Table VIII). 
[0051] The epidermoid carcinoma cell lines A431 and KB were also assessed for their sensitivity to the IL6-toxin 
chimeras. A431 cells which are insensitive to IL6-PE40 are moderately sensitive to both IL6-dornainll-PE40 and 
I L6-PE66 4G,U . The cell line, KB, was insensitive to all IL6-toxin molecules. Additionally, the myeloma cell line H929 was 

to also found to be sensitive to all three IL6 toxins. 

[0052] The cytotoxicity of native PE and the mutated version of PE, PESS 401 " on these same cell lines was also 
determined. PE was cytotoxic to all the cell lines tested (ID^ = 5 ng/ml to 68 ng/ml). PESS 401 " was not toxic to any of 
the cell lines tested (ID 50 > 625 ng/mt) indicating its potential usefulness in chimeric molecules (Table VIII). Competition 
analysis was also performed using rlL6 as competitor on A431 epidermoid carcinoma cells and the hepatoma cell lines 

*s PLC/PRF/5 and HEP G2. The results confirm that IL6-domain I I-PE40 and ILS-PESe 4010 are IL6 receptor specific (data 
not shown). 

Displacement of 1g5 l-IL6 by r!L6, IL6-PE40 and derivatives 

50 [0053] Since the chimeric toxins IL6-domain II-PE40 and ILS-PESe 401 " were more active than IL6-PE40, it was of 
interest to determine if the increased activity was due to increased binding. For these experiments, 125 I-IL6 was used 
as the ligand for the binding analysis. U266 myeloma cells were incubated with 0.5 ng of 12S 1-IL6 per 5 x 10 G cells in 
70 ul of binding buffer with or without increasing amounts of added r1L6, IL6-PE40, IL6-domain 1I-PE40 and 
IL6-PE66 4GIu . The results demonstrate that rlL6 displaces 1 2 5 !-IL6 from IL6 receptors slightly better than \LS-PES&^^ 

55 (Fig. 9). However, IL6-domain II-PE40 and IL6-PE66 4G,U displace 125 I-IL6 approximately the same as IL6-PE40 indi- 
cating that the chimeric toxins bind with similar affinities to the IL6 receptor. Therefore, it was concluded that the in- 
creased activity of IL6-domain II-PE40 and ILe-PESS 401 " is not due to increased binding to cells, but to another property 
of the chimeric toxin. 
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Toxicity of IL6-PE40 and derivatives in nude mtco 

[0054] To determine the potential usefulness of IL6-PE40. lL6-domatn II-PE40, and ILe-PESe 4 * 31 " as anti-cancer 
agents their toxicity in animals was determined. Since nude mice were used to study anti-tumor responses, they were 
5 also used to study the toxicity of the chimeric toxins. Mice (2-4 per group) were injected I P. with single doses of the 
IL6-toxins in amounts ranging from 5ng to 50 u.g for I L6-PE40, 5 ng to 30 ug for IL6-domain II-PE40 and 5 u.g to 20 u,g 
for ILe-PESS 40 ' 11 (Table IX). Animals were observed over 72 hours for mortality. The LDso was 20 ug for IL6-PE40 and 
!L6-domain II-PE40 and 1 0 ug for IL6-PE66 4G,U . 

to Serum levels of IL6-toxins in nude mico 

[0055] Nude mice were injected I.P with IL6-PE40, IL6-domain II-PE40 and ILePE^ 401 " and serum samples were 
removed at 5 min, 30 min, 1 hr, 2 hr, 4 hr, 8 hr and 24 nr. Serum levels of the chimeric toxins were measured by 
determining the cytotoxic activity of biologically active material found in the mouse serum at various times after admin- 
is istration. As shown in Table X, IL6-PE40, 1L6-domain II-PE40 and ILS-PEee 401 " all reached peak serum concentrations 
in 1 hr and were detectable until 8 hr. The peak level was 3 u.g/ml, 6 ug/mi and 12 u.g/ml for IL6-PE40, IL6-domain II- 
PE40 and ILe-PESS 4 ^. respectively. 

[0056] Tables XI and XII show the properties of the similarly prepared TGFa-PE66 4G!u and CD4-PE66 4Glu . 

[0057] In summary, the data presented herein clearly show that new, improved Pseudomonas mutants and chimeric 

20 toxins with high cytocidal specificity have been obtained. When tested in animals, these recombinantly made chimeric 
proteins have lower animal toxicity than corresponding un mutated molecules. A target-specific cytocidal composition, 
in accordance with the present invention comprises a cytocidal amount of the chimeric toxin of the present invention 
in a sterile, non-toxic carrier. A method for killing target cells comprises contacting cells desired to be killed, without 
substantial effect on other cells with cytocidal amount of the chimeric toxin of the present invention in a single dose or 

25 repeated doses. Of course, a targeting agent could be any moiety that recognizes the cells targeted to be killed without 
substantial effect on other cells. Examples of such targeting agents are antibodies, hormones, cytokines, receptors, 
growth factors, antigens and the like. It is further noted that although the methodologies described herein are the 
preferred and the best mode of practicing the invention, other methods well known to one of ordinary skill in the art 
could also be used to obtain the same results and biologically active chimeric toxins etc., as suggested or taught herein. 

30 

DEPOSIT 

[0058] A deposit of plasmids pVC45/4E and pCS64G, from which various chimeric toxins can be made in accordance 
with the present invention, has been made at the American Type Culture Collection (ATCC), 12301 Parklawn Drive, 

35 Rockville, Maryland 20852, on April 19 and 23, 1990 under accession numbers 68310 and 68313, respectively The 
deposit shall be viably maintained, replacing if it becomes nonviable during the life of the patent, for a period of 30 
years from the date of the deposit or for a period of five years from the last date of a request for the deposit, whichever 
is longer, and upon issuance of the patent, made available to the public without restriction, of course in accordance 
with the provisions of the law. The Commissioner of Patents & Trademarks shall, upon request, have access to the 

40 deposit. 

[0059] It is understood that the examples and embodiments described herein are for illustrative purposes only and 
that various changes, routes and modifications in light thereof will be suggested to persons skilled in the art and are 
to be included within the spirit and purview of this application and scope of the appended claims. 
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Table I 

Sequence of Mutants 

Restriction site 



A. 



PE 



54 55 56 57 58 59 60 61 
DALKLAID 



lu57 



DALE* LAID 



Xhol 



B. 



PE 



pgGlu2 



46 



pE Glu247 



pgGlu249 



pgGlu246, 247,249 
GTCATCAGTGAAGAGCTGGAGTTT 

pE Glu246,247,249 
GTCATCAGTGGCGGCCTGGGCTTT 

PE Lys246,247,249 
GTCATCAGTAA AAAGCTT AAGTTT 



243 244 245 246 247 248 
VISHRLHF 
5' GTCATCAGTCATCGCCTGCACTTT 

E* 

GTCATCAGTGAACGCCTGCACTTT 



E* 

GTCATCAGTCATGAGCTGCACTTT 

E* 

GTCATCAGTCATGAGCTGGAGTTT 

E* E* E* 



249 

3' 



250 



none 



none 



none 



none 



G* 



none 



K* K* 



K* 



Hindlll 



Amino acids are shown as single letter code on the lop of the nucleotide sequence and mutant amino acids are marked 
by an asterisk. The numbers indicate the location in PE. The location of new restriction endonuclease cleavage sites 
are indicated by the underlined nucleotides. 

Table II 



Recovery of Mutant PE Molecules After Mono Q 


Proteins 


Amount mg 


Purify % 


PE 




46 




>95 


p£G!u57 




39 




95 


PEGIu246.247.249 




19 




70 


p£GIu57 .246.247.249 




16 




80 


"Amount of toxin from one liter of culture induced at OD650nm of 0.6. The protein concentration was estimated 
by the Coomassie Blue G-250 protein assay reagent (BioRad) using Bovine serum albumin as a standard. 
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Table til 



Toxic Activity of PE and Mutant Forms of PE on Swiss 3T3 Cells and in Mice 




Toxic Activity 


Toxin 8 


3T3Cells b ID 50 (ng/ml) 


Mice 0 LDso(ng) 


PE 


1 


0.2 




100 


1 


PEA6-225 


100 


1 


PEA4-252 


>2000 


50 



a The replacement amino acid with its position is shown as superscript. A indicates (he deletion of amino acids. 

b ID50 is the concentration of the toxin required to inhibit protein synthesis on Swiss mouse 3T3 cells by 50% as compared to control where no toxin 
was added. Protein synthesis was measured by pH]-leucine incorporation in the cells. 

15 c LO50 is the amount of toxin that kills 50% of the mice within 48 hrs. after a single I. P. injection. 



Table IV 



Cytotoxic Activity of Domain I Deletion Mutants on 3T3 Cells 


Deletion Mutants 


tDso(ng) 


PE 


1 


p£GluS7 


100 


PEA6-224 


100 


PEA6-234 


120 


PEA6-239 


80 


PEA6-245 


100 


PEA4-252 


>2000 


PE QluS7 A241-250 


>2000 


See Table III for legends 



Table V 



35 


Cytotoxic Activity of Domain I Point Mutants on 3T3 Cells 


Mutants 


IDso (ng) 


Charge 3 




PE 


1 


(+3) 




p^Glu246 .247.249 




(-3) 


40 


p£Gtu57 


100 


(+3) 




pEGIu57.246 


135 


(+1) 




PEGIu57.247 


60 


M) 




PEGIu57.249 


60 




45 


p£ Glu57.246 ,247549 


>2000 


(-3) 




p£Glu57 Gty246.247.249 


>2000 


(0) 




p£Glu57 Lys246.247.249 


100 


(+3) 




pg:Glu57 Arg246.249 


60 


(+3) 




p£ Glu57.245 .247.248 


600 


M) 


so 


PE40 


>2000 





a Charge is based on the number of acidic or basic residues in the region 245 to 250 of PE. 
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Table VI 



Toxic Activity of PE Mutants in Mice 


Mutants 


LDgo ( n 9) 


PE 


0.2 


PEA4-252 


50 


PEA6-224 




PEA6-239 




PEA6-245 




p£GluS7 




pEGIu246.247.249 




p £ GluS7 .246.247.249 


30 


See Table III for legends 



Table VII 





Plasmid 


Chimeric protein 


ID^ng/ml) 


Relative Activity 




pCS 68 


IL6-PE40 


8-15 


100 




pCS 64G 


IL6-PE66-(4Glu) 


0.9-1.5 


800 


Group 1 


pes 6118 


IL6-domain II-PE40 


5-10 


160 




pCS 68D14 


IL6-PE40A365-380 


8-15 


100 


Group 2 


pCS 6L8 


IL6-Linker-PE40 


8-15 


100 




pes 688 


IL6-PE40-PE40 


24-36 


33 


Group 3 


pes 688 


IL6-IL6-PE40 


25-38 


32 




pCS 868 


PE40-IL6-PE40 


>250 


<2 


Group 4 


pCS 1168 


domain N-IL6-PE40 


>250 


<2 




pCS 686 


IL6-PE40-IL6 


>250 


<2 



ID 50 is based on protein synthesis using U266 myeloma cells in a 24 hr assay; experiments were done in duplicate or 
triplicate. Protein is measured by [ 3 H] -leucine incorporation. 



Table VIII 







IDso<ng/ml) 


CELL LINE (TYPE) 


IL6 RECEPTORS PER 


IL6-PE40 


IL6-II-PE40 


IL6-PE66 4GIU 




PE664GIU 


CELL 










U 266, MYELOMA 


15,500 


8-15 


5-10 


0.9-1.5 


>625 


H929, MYELOMA 


16,500 


8-12 


5-10 


1.5-3 


>1250 


PLC/PRF/5, HEPATOMA 


2,300 


5-7 


3-5 


1.5-2 


>625 


HEP 3B,HEPTOMA 


1,200 


18-30 


7.5-20 


40-50 


>625 


HEP G2.HEPTOMA 


200-600 


450 


300-400 


70 


>625 


SK-HEP.HEPTOMA 


<100 


>625 


>625 


>625 


>625 


A431 .EPIDERMOID CARC. 


ND 


>625 


90 


80 


>1500 


KB.EPIDERMOID CARC. 


ND 


>625 


>625 


>1250 


>1500 


ND = NOT DONE 







Effects of IL6-toxins on various cell lines expressing different amounts of IL6 receptors. The ID 50 listed is a range of 
2-4 separate experiments. 
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Table IX 



LDgo Analysts 


Molecule 


Amount Injected 


# Deaths/# Mice 


IL6-PE40 


5u.g 


0/4 




10 M9 


0/4 




15 M9 


0/2 




20 


2/4 




25 Mg 


3/4 




50 Mg 


2/2 


IL6-II-PE40 


5m9 


0/2 




10 Mg 


0/2 




20 Mg 


1/2 




30 mq 


2/2 


ILe-PESS 4010 


5^9 


0/2 




10 M9 


1/2 




20 Mg 


2/2 



Mice were administered a single dose, LP. with indicated amounts of IL6-toxin and the number of dead mice were 
determined after 72 hours. 



Table X 



Molecule 


Size 


Amount Injected 


Peak 


Detection Limit 


Maximum Detected 


II6-PE40 


60 kD 


15 Mg 


1 hr 


8 hr 


5 MQ/rnl 


IL6-II-PE40 


72 kD 


15 M9 


1 hr 


8 hr 


6 iig/n\\ 


IL6-PE66 4Glu 


86 kD 


15 M9 


1 hr 


8 hr 


12 \jg/m\ 



Mice were injected LP. with a single dose and serum levels of the chimeric toxin were determined at 5 min., 30 min., 
1 hr, 2 hr., 4 hr, 8 hr., and 24 hr. by assaying cytotoxic activity on U266 cells. The levels at 8 hr. was approximately 

0.5 M9^ mi - 



Table XI 



Activity of TGFa-PE66 4Glu and CD4(173)PE66 4Gl " on TARGET CELLS 




IDgo (ng/ml) 


TGFctPE66 4G)u 
CD4(178)PE66 4Gru 


0.007 3 
1.5^ 



a. on A431 cells in a 20 hr. assay. 

b. on CV-1 cells expressing gpl 20. in a 4 hr. assay. 



Claims 

1. The plasmid designated pVC45/4E, deposited at ATCC under accession number 68310. 

2. The plasmid designated pCS64G, deposited at ATCC under accession number 6831 3. 

3. A method of preparing a chimeric protein composed of at least a targeting agent and a cytotoxic PE fragment, 
comprising adding to the plasmid of claim 1 a gene encoding a targeting agent, and expressing the resultant new 
plasmid in a suitable expression vector. 

4. A recombinant mutant Pseudomonas exotoxin (PE) obtainable by substitution of an amino-acid residue without a 
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positive charge in the unsubstituted exotoxin . wherein the mutant PE has a decreased net positive charge at 
positions 245-252 and lower animal toxicity, compared to the unsubstituted exotoxin. 

5. The PE of claim 4, having a second substitution of an amino-acid without a positive charge, so that the mutant PE 
5 has decreased net charge at position 57. 

6. The PE of claim 4 or claim 5, wherein at least three positively-charged amino-acid residues are substituted. 

7. The PE of claim 6, wherein the amino-acid residue without a positive charge is glutamic acid, glycine or a combi- 
ne nation thereof. 

8. The PE of claim 7, selected from PE-Glu-57,246,249, PE-Glu-57 A241-250, and PE-Glu-57-Gly-246,247 ( 249. 

9. The PE of claim 4, attached to a targeting agent which recognises a specific site on a cell targeted to be killed, 
75 the resulting PE with the targeting agent having improved properties compared to the unsubstituted PE molecule 

attached to the same targeting agent. 

10. The PE of claim 9. wherein said targeting agent is an antibody or a fragment thereof, a peptide hormone, a growth 
factor, a cytokine, an antigen or a receptor. 

20 

11. The PE of claim 10, 

12. The PE of claim 10, 
25 13. The PE of claim 10. 

14. The PE of claim 10, 

15. The PE of claim 10, 

30 

16. The PE of claim 10, 

17. The PE of claim 10, 
& 18. The PE of claim 10, 

19. The PE of claim 10, 

20. The PE of claim 10 : 

40 

21. A composition comprising the PE of claim 9 and a pharmaceutically-acceptable carrier. 

22. Use of the PE of claim 9, for the manufacture of a medicament for use in achieving targeted cytotoxicity. 
45 23. IL6-domainll-PE40. 

24. A composition for use in killing cells having IL6 receptors, comprising IL6-domainll-PE40 and a pharmaceutically- 
acceptable carrier. 

50 25. Use of the PE of claim 23 for the manufacture of a medicament for use in killing cells expressing IL6 receptors. 

26. A composition for use in achieving targeted cytotoxicity, comprising the PE of claim 4 attached to a targeting agent 
as defined in claim 10, and a pharmaceutically-acceptable carrier. 

55 27. Use of the PE of claim 4 attached to a targeting agent as defined in claim 10 : for the manufacture of a medicament 
for use in achieving targeted cytotoxicity. 



wherein said targeting agent is an antibody or a fragment thereof. 

wherein said targeting agent is a peptide hormone. 

wherein said targeting agent is a growth factor. 

wherein said targeting agent is a cytokine. 

wherein said targeting agent is a receptor. 

wherein said targeting agent is an antigen. 

which is IL6-PE66-Glu57, 246,247, 249. 

which is IL6-PE66-Glu57Gly246,247, 249. 

which is TGKFa-PE66-Glu57,246,247 : 249. 

which is CD4-PE66-Giu57,246,247, 249. 
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Patentan sprue he 

1. Ptasmid mit der Bezeichnung pVC45/4E, niedergelegt bei ATCC unter der Zugriffsnummer 68310. 
5 2. Plasmid mit der Bezeichnung pCS64G, niedergelegt bei ACCT unter der Zugriffsnummer 68313. 

3. Verfahren zur Herstellung eines chimeren Proteins, das aus mindestens einem zielgerichteten Agens und einem 
zytotoxischen PE-Fragmentzusammengesetzt ist, bestehend ausdem Hinzufugen eines ein zielgerichteten Agens 
codierendes Gen zu dem Ptasmid nach Anspaich 1 und Exprimieren des resultierenden neuen Plasmids in einem 

10 geeigneten Exprcssionsvektor. 

4. Rekombtnantes mutantes Pseudomonas Exotoxin (PE), das durch Substitution eines Aminosaurerests ohne eine 
positive Ladung in dem nichtsubstituierten Exotoxin erhaltlich ist, wobei das mutante PE eine verminderte positive 
Nettoiadung an den Posit ion en 245 bis 255 und eine ntedrigere Toxizitat fur Tie re im Vergleich zu den nichtsub- 

15 stituierten Exotoxin hat. 

5. PE nach Anspruch 4, mit einer zweiten Substitution einer Aminosaure ohne eine positive Ladung, so daO das 
mutante PE eine verminderte Nettoiadung an der Position 57 hat. 

20 6. PE nach Anspruch 4 Oder 5, wobei mindestens drei posit iv geladene Aminosaurereste substituiert sind. 

7. PE nach Anspruch 6, wobei der Aminosaurerest ohne eine positive Ladung Glutaminsaure, Gtycin Oder eine Kom- 
bination hiervon ist. 

25 8. PE nach Anspruch 7, das ausgewahit ist aus PE-Glu-57, 246,249, PE-Glu-57A241-250, und PE-Glu57-Gty- 
246,247,249. 

9. PE nach Anspruch 4, das an ein zielgerichtetes Agens angelagert ist, das eine spezifische Stelle einer abzutdten- 
den Zielzelle erkennt, wobei das resuttierende PE mit dem zielgerichteten Agens verbesserte Eigenschaften im 

30 Vergleich' zum nichtsubstituierten PE-Molekul aurweist, das an dasselbe zielgerichtete Agens angelagert ist. 

10. PE nach Anspruch 9, wobei das zielgerichtete Agens ein Antikorper Oder ein Fragment hiervon : ein Peptid-Hormon, 
ein Wachstumsfaktor, ein Zytokin, ein Antigen Oder ein Rezeptor ist. 



40 



so 



11. 


PE 


nach 


Anspruch 


10, 


wobei das zielgerichtete Agens ein Antikorper Oder ein Fragment hiervon ist 


12. 


PE 


nach 


Anspruch 


10, 


wobei das zielgerichtete Agens ein Peptid-Hormon ist. 


13. 


PE 


nach 


Anspruch 


10, 


wobei das zielgerichtete Agens ein Wachstumsfaktor ist. 


14. 


PE 


nach 


Anspruch 


10, 


wobei das zielgerichtete Agens ein Zytokin ist. 


15. 


PE 


nach 


Anspruch 


10, 


wobei das zielgerichtete Agens ein Rezeptor ist. 


16. 


PE 


nach 


Anspruch 


10, 


wobei das zielgerichtete Agens ein Antigen ist. 


17. 


PE 


nach 


Anspruch 


10, 


das IL6-PE66-Glu57,246,247,249 ist. 


18. 


PE 


nach 


Anspruch 


10. 


das IL6-PE66-Glu57Gly246,247,249 ist. 


19. 


PE 


nach 


Anspruch 


10, 


das TGKFct-PE66-Glu57,246 ; 247,249 ist. 


20. 


PE 


nach 


Anspruch 


10. 


das CD4-PE66-Glu57.246 ! 247,249 ist. 



ss 21 . Zusammensetzung, bestehend aus dem PE nach Anspruch 9 und einem pharmazeutisch annehmbaren Trager. 

22. Verwendung des PE nach Anspruch 9 zur Herstellung eines Medikaments zur Verwendung bei der Erzielung einer 
zielgerichteten Zytotoxizrtat. 
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23. IL6-Domanell-PE40. 

24. Zusammensetzung zur Verwendung beim Abtoten von Zelten mit IL6-Rezeptoren, bestehend aus IL6-Domanell- 
PE40 und einem pharmazeutisch annehmbaren Trager. 

25. Verwendung des PE nach Anspruch 23 zur Herstellung ernes Medikaments zur Verwendung beim Abtoten von 
Zellen, die IL6-Rezeptoren exprimieren. 

26. Zusammensetzung zur Verwendung bei der Erzielung zielgerichteter Zytotoxizitat, bestehend aus dem PE nach 
Anspruch 4, das an ein zielgerichtetes Agens nach Definition in Anspruch 10 angoiagert isl, und aus einem phar- 
mazeutisch annehmbaren Trager. 

27. Verwendung des PE nach Anspruch 4, das an ein zielgerichtetes Agens nach Definition in Anspruch 1 0 angelagert 
ist, zur Herstellung eines Medikaments zur Verwendung bei der Erzielung zielgerichteter Zytotoxizitat. 

Revendications 

1. Plasmide denomme pVC45/4E. depose a PATCC sous le numero d'ordre 68310. 

2. Plasmide denomme pCS64G, depose a I'ATCC sous le numero d'ordre 6831 3. 

3. Procede de preparation d'une proteine chimerique composee d'au moins un agent de ciblage et d'un fragment de 
PE cytotoxique, comprenant I'ajout a u plasmide selon la revendication 1 d'un genecodant pour un agent de ciblage, 
et 1'expression du nouveau plasmide resultant dans un vecteur d'expression approprie. 



4. Exotoxine de Pseudomonas (PE) mutante recombinee pouvant etre obtenue par substitution d'un residu cfacide 
amine sans charge positive dans I'exotoxine non substituee, dans iaquelle la PE mutante a une charge nette 
positive diminude aux positions 245-252 et une toxicite pour les animaux plus faible : par rapport a I'exotoxine non 

30 substituee. 

5. PE selon la revendication 4, ayant une deuxieme substitution d'un acide amine sans charge positive, pour que la 
PE mutante ait une charge nette diminuee a la position 57. 



6. PE selon la revendication 4 ou la revendication 5, dans Iaquelle au moins trois residus d'acides amines charges 
positivement sont substrtues. 

7. PE selon la revendication 6, dans Iaquelle le residu d'acide amine sans charge positive est Pacide glutamique, la 
glycine ou une de leurs combinaisons. 

8. PE selon la revendication 7, choisie parmi PE-Glu-57,246,249, PE-Glu-57 A241-250, et PE-Glu-57-Gly- 

246,247,249. 

9. PE selon la revendication 4, fixee a un agent de ciblage qui reconnait un site specifique sur une cellule ciblee pour 
etre tuee, la PE resultante avec I'agent de ciblage ayant des proprietes ameiiorees comparativement a la molecule 
de PE non substituee fixee au meme agent de ciblage. 

10. PE seion la revendication 9. dans Iaquelle ledit agent de ciblage est un anticorps ou un de ses fragments, une 
hormone peptidique, un facteur de croissance, une cytokine, un antigene ou un recepteur. 

11. PE selon la revendication 10, dans Iaquelle ledit agent de ciblage est un anticorps ou un de ses fragments. 

12. PE selon ia revendication 10, dans Iaquelle ledit agent de ciblage' est une hormone peptidique. 

13. PE selon la revendication 10, dans Iaquelle ledit agent de ciblage est un facteur de croissance. 

14. PE selon ia revendication 10, dans Iaquelle ledit agent de ciblage est une cytokine. 
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15. PE selon la rovendication 10, dans laquollc ledit agent de ciblage est un recepteur. 

16. PE selon la rovendication 10, dans laquelle ledit agent de ciblage est un antigene. 

17. PE selon la revendication 10, qui esl IL6-PE66-Glu57,246,247,249. 

18. PE selon la revendication 10, qui est IL6-PE66-Glu57Gly246,247,249. 

19. PE selon la revendication 10, qui est TGKFa-PE66-Glu57, 246.247,249. 

20. PE selon la revendication 10, qui est CD4-PE66-Glu57,246.247,249. 

21. Composition comprenant la PE selon la revendication 9 et un support pharmaceutiquement acceptable. 

22. Utilisation de la PE selon la revendication 9 pour la fabrication d'un medicament a utiliser pour obtenir une cyto- 
toxicity ciblee. 

23. IL6-domatnell-PE40. 

24. Composition a utiliser pour tuer des cellules ayant des recepteurs a IL6, comprenant IL6-domainell-PE40 et un 
support pharmaceutiquement acceptable. 

25. Utilisation de la PE selon la revendication 23 pour la Fabrication d'un medicament a utiliser pour tuer des cellules 
exprimant des recepteurs a IL6 

26. Composition a utiliser pour obtenir une cytotoxicity ciblee, comprenant la PE selon la revendication 4 fixee a un 
agent de ciblage tel que defini dans la revendication 10 et un support pharmaceutiquement acceptable. 

27. Utilisation de la PE selon la revendication 4 fixee a un agent de ciblage tel que defini dans la revendication 10, 
pour la fabrication d'un medicament a utiliser pour obtenir une cytotoxicity ciblee. 
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